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1
METHOD OF COUPLING NARROW
DIAMETER TUBING TO A CPI PORT

This application is a Divisional application of U.S. patent
application Ser. No. 12/028,133, filed on Feb. 8, 2008 and
claims the benefit of and incorporates by reference U.S. Pro-
visional Application No. 60/903,091 filed Feb. 23, 2007.

BACKGROUND

The present invention relates generally to the field liquid
transport through narrow diameter tubing. More specifically,
the present invention relates to the connection of narrow
diameter external tubing to a port of a device.

Connection of narrow diameter external tubing to a fluid
handling or analysis device is done using a port on the device.
Common ports used in industry and research are known as a
Chemical Process Industry (CPI) port, 10-32 CPI port or
HPLC port. FIG. 1 shows a port 10 which are usually a
threaded cavity into the device 12. The threaded cavity
includes a threaded section 14, a conical section 16 and a
bottom section 18, as shown in FIG. 1. The conical section 16
reduces the diameter of the threaded section 14 to that of the
bottom section 18. The bottom section 18 is cylindrical in
shape and has same diameter as the external tubing to be used
in order to receive the external tubing. The bottom section 18
has a top 20 and a bottom 22. The top 20 of the bottom section
18 is the entrance to the bottom section 18. The bottom 22 of
the bottom section 18 includes an opening 26 to the device 12
and a shoulder 24 about the opening 26. The purpose of the
shoulder 24 at the bottom 22 of the bottom section 18 pro-
vides an interface between the end of the external tubing and
the port. Current coupling devices to connect the external
tubing to the port use a threaded member which drives a cone
shaped ferrule into the conical section 16 of the port to pro-
vide clamping and sealing forces about the external tubing,
typical of a compression type fitting. There are coupling
devices which combine the threaded member and the cone
shaped ferrule into single unit.

The current coupling devices are limited with regard to the
maximum operating pressure which can be attained using the
coupling device. Additionally, current coupling devices are
limited with regard to eliminating parasitic effect referred to
as ‘dead volume’ of a connection. Dead volume refers to any
deviation from a cylindrical fluid path from the external tub-
ing into the port. Dead volume occurs when the end of the
external tubing to be connected to the port is not secured
completely within the port. The effect of dead volume can
also be present when the external tubing is deformed due to
over tightening of compression fittings or improper cutting of
the end of the external tubing. The current coupling devices
are limited by the ability of the coned ferrule to hold the
external tubing by means of friction applied by compression
of'the coned ferrule within the port. Even when the coupling
device is properly installed using carefully prepared tubing, a
negative drawback of the port design itself is that the design
allows radial migration of fluids at the interface between the
end of the external tubing, and the shoulder 24 of the bottom
22 of the bottom section 18 of the port.

Another aspect when using current coupling devices is the
practice of using external tubing of smaller diameter than the
bottom section 18 of the port. The bottom section 18 of the
port is usually about one sixteenth of an inch in diameter.
External tubing of one thirty-second inch diameter is com-
monly used with special ferrules, whereby a cylindrical sec-
tion and a cone shaped section are combined end-to-end in a
unified compression fitting and diameter adaptor. The cylin-
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drical section forms a sleeve, which adapts the diameter of the
external tubing to the diameter of the port. A shortcoming of
this approach is the cone shaped section compresses, while
the cylindrical shaped adaptor does not. This causes a void
volume about the perimeter of the external tubing and within
the perimeter of the cylindrical shaped section of the special
ferrule. Furthermore, this type of ferrule is supplied with a
fixed length cylindrical section, hence it is unable to adapt to
ports with a deeper than average bottom section 18.

A final aspect of current coupling devices lies in the mecha-
nism of failure. When pressures of fluids which are being
transported through the port manifest themselves, a compo-
nent of the pressure exerts a longitudinal force along the axis
of the external tubing being clamped by the compression
ferrule. The longitudinal force is countered solely by fric-
tional force about the inside of the ferrule, where the ferrule
contacts the external tubing. As fluids within the external
tubing and volumes are pressurized and de-pressurized, a
phenomenon know as ‘creep’ can occur. Creep causes an
increasing dead volume to form between the end of the exter-
nal tubing and the bottom section the port. Eventually, the
external tubing will be pushed away from the bottom section
and through the cone shaped ferrule, causing it to leak
severely. This is commonly referred to as ‘tubing blow-out’.

Itis an object of the present invention to provide a coupling
between narrow diameter tubing and a port of a fluid handling
device in such a way as to allow high pressure levels to be
attained without fluid leakage.

It is an object of the present invention to eliminate dead
volume at the interface between narrow diameter tubing and
the interior of a port.

SUMMARY OF THE INVENTION

A coupling device for interconnecting external tubing to a
port of a device. The coupling device includes a port stud,
linking tube, collar, tube cap and stud nut. The port stud
includes a tube opening from a top section to a bottom section
of'the port stud. The linking tube is sized to fit inside the tube
opening of the port stud and attach to the external tubing. The
collar is attached to an outside of the linking tube. The tube
cap is threaded onto the top section of the port stud. The stud
nut threads onto the bottom section of the port stud.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cutaway view of a port used with a coupling
device according to the present invention.

FIG. 2 is an exploded view of a coupling device according
to the present invention.

FIG. 3 is a cutaway view of an assembled coupling device
according to the present invention.

FIG. 4 is a cutaway view of a coupling device during
installation in a port according to the present invention.

FIG. 5 is a cutaway view of a coupling device during
installation in a port according to the present invention.

DETAILED DESCRIPTION

The present invention is a coupling device 30 of FIG. 2 and
method of use to secure a connection between external tubing
32 of FIG. 2 and a port 10 of a device 12 shown in FIG. 1. The
coupling device 30 allows fluid to pass at high pressure with-
out leaking and with minimum parasitic volume loss at the
interface between the end 36 of the external tubing 32 and the
port 10. The present invention may be used at one end or both
ends of the external tubing 32. The coupling device includes
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a tube cap 38, linking tube 40, linking tube ferrule 42, port
stud 44, stud nut 46 and port ferrule 48 for use with the
external tubing 32 to be connected to a port 10, as shown in
FIGS. 2-3.

The tube cap 38 includes a main body 50 and turn top 52.
Theturn top 52 is araised surface which acts a turning surface
to be gripped by the user. There is an opening 54 in the turn top
52 which leads to an open cavity 56 in the main body 50. The
lower portion of the open cavity 56 of the main body 50 is
threaded. The linking tube ferrule 42 is slightly larger than the
opening 54 of the turn top 52 and has an open center to receive
the linking tube 40. The linking tube 40 includes an open
diameter large enough to allow the external tubing 32 to be
inserted within the linking tube 40. The port stud 44 includes
a threaded outside surface. Typically, the port stud 44 has a
larger diameter top section 58 and smaller diameter bottom
section 60. The top section 58 of the port stud 44 includes a
collar cavity 62 with an open entrance 64 from the top 66 of
the port stud 44. The collar cavity 62 includes a slightly
conical shaped bottom 68 to receive the linking tube ferrule
42. The bottom section 60 of the port stud 44 has a cylindrical
cavity that provides a tube opening 70 between the bottom 72
of'the collar cavity 62 and the bottom 74 of the bottom section
60 of the port stud 44. The tube opening 70 of the bottom
section 60 of the port stud 44 is slightly larger than the outside
diameter of the linking tube 40. The stud nut 46 includes an
open top cavity 76 connected to a threaded bottom cavity 78.
The open top cavity 76 of the stud nut 46 is large enough to
receive the main body 50 of the tube cap 38. The bottom
threaded cavity 78 of the stud nut 46 is threaded to receive the
threaded bottom section 60 of the port stud 44. The stud nut 46
has an opening at the bottom 80 of the stud nut 46. The stud
nut 46 acts as a turning surface to be gripped by the user. The
port ferrule 48 is slightly larger then the opening to the bottom
threaded cavity 78 of the stud nut 46 at the bottom 80 of the
stud nut 46. The port ferrule 48 has an open center 82 to
receive the linking tube 40.

The external tubing 32 passes through the opening 54 in
turn top 52 of the tube cap 38. The external tubing 32 is then
inserted into the top end 84 of the linking tube 40 and is
secured to the linking tube 40. The external tubing 32 can be
secured to the linking tube 40 by thermal bonding, chemical
adhesive, brazing, welding or other metallurgical attachment,
depending on the materials used for the external tubing 32 and
linking tube 40. Typical materials used for the external tubing
32 are a stainless steel and polymerics, such as polyether ether
ketone. In all cases of attachment of the external tubing 32 to
the linking tube 40, the desire place of attachment is at the
bottom end 86 of the linking tube 40. The external tubing 32
is inserted along the length of the linking tube 40 such that
there is coplanarity between the end 36 of the external tubing
32 and the bottom end 86 of the linking tube 40. Attachment
at the end 36 of the external tubing 32 and the bottom end 86
of' the linking tube 40 also provides a seal between the exter-
nal tubing 32 and the linking tube 40. The external tubing 32
and the linking tube 40 can also be attached at the top end 82
of the linking tube 40. The purpose of securing the external
tubing 32 to the linking tube 40 is to prevent movement of the
external tubing 32 in relation to the bottom end 86 of the
linking tube 40. If the external tubing 32 and the linking tube
40 are attached other than at the bottom end 86 of the linking
tube 40, the space between the outside diameter of the exter-
nal tubing 32 and the inside diameter of the linking tube 40
should still be sealed. The end 36 of the external tubing 32 and
the bottom end 86 of the linking tube 40 can be optionally
coated with or made of a malleable metal or other material
capable of being compressed. Whereby, the malleable mate-
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rial upon compression against the shoulder 24 of the bottom
22 of the bottom section 18 of the port 10 deforms under force
of compression to fill and seal slight voids which may exist
between the bottom end 86 of the linking tube 40 and the
shoulder 24 at the bottom 22 of the bottom section 18 of the
port 10.

The linking tube ferrule 42 is positioned about the linking
tube 40 near the top end 82 of the linking tube 40, prior to
installation of the linking tube 40. There is a tight fit between
the linking tube ferrule 42 and the linking tube 44. The fit is
tight enough so that the linking tube ferrule 42 does not slide
along the linking tube 40 during normal use, but not too tight
such that the linking tube ferrule 42 is slidable along the
linking tube 40 if enough pressure is applied. The linking tube
ferrule 42 is in effect a collar or anything else that can be
tightly fitted to the linking tube 40 and therefore does not have
to be a ferrule. The linking tube 40 with the external tubing 32
attached is inserted into open entrance 64 at the top 66 of the
port stud 44 and on through the collar cavity 62 of the top
section 58 of the port stud 44. The linking tube 40 with the
external tubing 32 attached is further inserted into the tube
opening 70 of the bottom section 60, so it extends beyond the
bottom section 60 of the port stud 44.

The tube cap 38 threads onto the threaded top section 58 of
the port stud 44. The stud nut 46 threads onto the threaded
bottom section 60 of the port stud 44, such that a portion of the
threaded bottom section 60 of the port stud 44 protrudes
beyond the stud nut 46. A thread locking compound is used
between the threads of bottom threaded cavity 78 of the stud
nut 46 and the threads of bottom section 60 of the port stud 44.
Whereby, the coupling device 30 is threaded into the port 10
by inserting the exposed bottom section 60 of the port stud 44
into the threaded cavity of the port 10 and turning. The cou-
pling device 30 is turned by turning the stud nut 46 to tighten
the coupling device 30 in the port 10. The thread locking
compound in effect glues the port stud 44 and the stud nut 46
together, so that the act of turning the stud nut 46 turns the port
stud 44 into the port 10. Over tightening the coupling device
30 in the port 10 by applying too much torque to the stud nut
46 can cause damage to the port 10 and the coupling device
30. Thread locking compounds have different holding
strengths. So a thread locking compound is chosen that allows
the stud nut 46 to break free ofthe port stud 44, if the coupling
device 30 is being over tightened in the port 10 when turning
the stud nut 46. This allows for a controlled failure in the event
excessive force is applied to the stud nut 46.

The port ferrule 48 receives the bottom end 86 of the
linking tube 40 with the external tubing 32 attached, such that
the bottom end 86 of the linking tube 40 extends beyond the
port ferrule 78. The length of linking tube 40 which extends
beyond the port ferrule 78 is controlled by the tube cap 38.
The more the tube cap 38 is threaded onto the port stud 44, the
more the linking tube 40 extends beyond the port ferrule 78.
This is due to the linking tube ferrule 42 being tight enough
about the linking tube 40 and being pushed by the tube cap 38.
When the linking tube ferrule 42 bottoms out in the collar
cavity 62 of the port stud 44, the linking tube 40 will not be
inserted any further. When the linking tube 40 bottoms out in
the port 10, the linking tube 40 will not be compressed any
further because the linking tube ferrule 42 will break free and
slide down the linking tube 40 due to the any excessive
pressure applied that meets the design threshold for the link-
ing tube ferrule 42 to break free.

One method to install the coupling device 30 is to thread
the tube cap 38 using the turn top 52 so that it threads on the
port stud 44 such that the linking tube 40 protrudes minimally,
but distinctly beyond the tip 88 of port ferrule 78, as shown in
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FIG. 4. The coupling device 30 is then guided into the port 10
and hand tightened into the port 10 using the stud nut 46. The
port stud 44 is hand tighten to a state which compresses the
port ferrule 78 adequately to hold the linking tube 40 against
longitudinal slippage in the port ferrule 78, as shown in FIG.
4. But, not to compress the port ferrule 78 so tight as to
preclude further adjustment of linking tube 40 downward into
the port 10 by turning the tube cap 38. Next, tighten the tube
cap 38 until a secure stop of the linking tube 40 against the
shoulder 24 of the bottom 22 of the bottom section 18 of the
port 10 is detected by a sudden increase in resistance to
further tightening of the tube cap 38, as shown in FIG. 5. At
this time it is recommended to reverse the direction of tight-
ening tube cap 38, so as to loosen it very slightly. Then, apply
a final tightening torque to the stud nut 46 so as to exert both
longitudinal and radial compressive forces through the port
ferrule 78 to the linking tube 40, forming a seal between the
inner diameter of the port ferrule 78, and the outer diameter of
the linking tube 40. Finally, apply a final tightening of the tube
cap 38 to press the bottom end 86 of the linking tube 40
against the shoulder 24 of the port 10.

If using a malleable material at the bottom end 86 of the
linking tube 40, one would not back off the tube cap 38 prior
to applying final tightening of the stud nut 46 and the tube cap
38 is used to apply final tightening torque. Thus, converting
rotational force about the tube cap 38 to longitudinal force,
applied through linking tube ferrule 42 to linking tube 40, to
ultimately deform the malleable metal coating or other
deformable sealing material between the linking tube 40 and
shoulder 24 of the port 10. This method of tightening can
reduce the potential for chemical residuals to become
entrapped in miniscule dead volumes which are associated
with the perimeter of the cylindrical volume below the cone-
shaped port ferrule 78. In this method of use, the port ferrule
78 is not required to provide sealing surfaces between the port
ferrule 78 and the linking tube 40. Rather, the port ferrule 78
provides mechanical stabilization of linking tube 40 to hold
the linking tube 40 concentric with the opening at the bottom
section 18 of the port 10.

The linking tube ferrule 42 may be permanently fixed to the
linking tube 40. The linking tube ferrule 42 being perma-
nently fixed would allow maximum longitudinal pressure to
be applied at the bottom end 86 of the linking tube 40 by
turning tube cap 38, thereby allowing maximum tip sealing
pressure of the bottom end 86 against the shoulder 24 of the
port 10. But this allows for the unwanted side effect of allow-
ing so much force to be applied as to bend or deform the
linking tube 40. A crimped linking tube ferrule 42 may be
employed to provide a maximum limit of force which may be
applied before the linking tube ferrule 42 begins to slide along
the linking tube 40. In this fashion, a safety precaution against
damage is implemented. Additionally, sighting lines (not
shown) can be scribed on the outside of the main body 50 of
the tube cap 38 to indicate the relative depth of insertion of the
linking tube 40 into the port stud 44 or the port 10. These
sighting lines might be scribed in such a way provide a mea-
suring index for parasitic dead volumes. Also, the external
tubing 32 can be replaced by a single tubing which acts also
as the linking tube 40. Whereby, the linking tube ferrule 42
would have to be installed after the single tubing is inserted
into the tube cap 38.

While different embodiments of the invention have been
described in detail herein, it will be appreciated by those
skilled in the art that various modifications and alternatives to
the embodiments could be developed in light of the overall
teachings of the disclosure. Accordingly, the particular
arrangements are illustrative only and are not limiting as to
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the scope of the invention that is to be given the full breadth of
any and all equivalents thereof.

I claim:

1. A method of coupling a narrow diameter tubing having
an end, to a CPI port of a device, the CPI port having an
entrance opening and having a bottom located distal from the
the entrance opening and the CPI port further including a
bottom opening that is proximal to the bottom and distal from
the entrance opening of the CPI port, the bottom opening
providing communication between the CPI port and a device
opening in the device to which the CPI port is attached,
comprising:

providing a coupling device which receives and retains the

end of the narrow diameter tubing;

providing the coupling device such that it is adapted to

mount to the CPI port;

providing the coupling device such that the coupling

device is configured to be mechanically manipulated in
order to move the end of the narrow diameter tubing with
pressure against a shoulder of the port;
wherein the shoulder of the port is located at the bottom of
the CPI port and surrounds the bottom opening of the
CPI port;

providing a malleable material on the end of the narrow
diameter tubing that will compress under force and pro-
vide a seal between the narrow diameter tubing and the
CPI port;

inserting the narrow diameter tubing into the coupling

device;
installing the malleable material on the bottom end of the
narrow diameter tubing that will compress under force
and provide a seal between the narrow diameter tubing
and the shoulder that surrounds the bottom opening of
the CPI port;
installing the coupling device into the entrance opening of
the CPI port and mechanically manipulating the cou-
pling device such that the coupling device moves the end
ofthe narrow diameter tubing in order to force the end of
the narrow diameter tubing against the shoulder of the
CPI port; and

the movement of the end of the narrow diameter tubing
compressing the malleable material on the end of the
narrow diameter tubing and forming a seal between the
end of the narrow diameter tubing and the shoulder of
the CPI port.

2. A method of coupling narrow diameter tubing, having an
end, to a CPI port of a device, the CPI port having an entrance
opening and having a bottom located distal from the the
entrance opening and the CPI port further including a bottom
opening that is proximal to the bottom and distal from the
entrance opening of the CPI port, the bottom opening provid-
ing communication between the CPI port and a device open-
ing in the device to which the CPI port is attached, compris-
ing:

providing a coupling device that it is adapted to mount to

the CPI port;

inserting a tube into the coupling device;

wherein the tube has a top end and a bottom end;
inserting the narrow diameter tubing into that tube at the
top end of the tube;
wherein the tube retains the end of the narrow diameter
tubing;
mechanically manipulating the coupling device such that
the coupling device moves the end of the tube, with
pressure against a shoulder of the port;



US 9,217,522 B1
7

wherein the shoulder of the port is located at the bottom
of the CPI port and surrounds the bottom opening of
the CPI port;

attaching a malleable material around the end of the narrow

diameter tubing and onto the end of the tube; and 5

wherein the malleable material is located between the
end of the narrow diameter tubing and the shoulder of
the CPI port;

wherein the malleable material compresses under force
when the coupling device is mechanically manipu- 10
lated and provides a seal between the narrow diameter
tubing and the CPI port.

3. The method of claim 2, further including attaching the
narrow diameter tubing to the tube such that the narrow diam-
eter tubing is fixed within the tube and moves with the tube. 15

4. The method of claim 2, further including installing the
narrow diameter tubing within the tube such that the tube is
moveable along the narrow diameter tubing.

5. The method of claim 4, further including moving the
tube along the narrow diameter tubing to compress the mal- 20
leable material.



